The complexation reactions between 3,5-di iodo-8-hydroxy quinoline (IQN) and Zn 2+ , Ni 2+ and Co 2+ were studied in dimethylformamide (DMF)-ethanol (EtOH) binary solvent systems at different temperatures using a conductometric method. The stoichiometry of complexes was established 1:1. It was found that the stability of complexes formed between cations and this ligand increases with increases temperature. The standard enthalpies and standard entropies of complexes were obtained from the temperature dependence of stability constants. The results obtained by conductometric technique show that there is an inverse relationship between the formation constants of complexes and donor number of solvents. In all cases, the formation constants increased with increasing amounts of EtOH versus DMF in these binary systems. The standard enthalpy and standard entropies of complexes were obtained from the temperature dependence of stability constant. In all cases, DH°was positive and DS°was negative. The selectivity order for IQN complexes among various neat studied solvents varies in the order: Zn-IQN 2+ -Ni-IQN 2+ -Co-IQN 2+ .
Introduction
Some physico-chemical techniques such as spectrophotometry and polarography have been used [1] [2] [3] to study the complex formation between IQN and transition metal cations in the solutions. The conductometric technique is a sensitive and inexpensive method with a simple experimental arrangement for such investigations. Conductometric analysis can be used for many titration procedures where ionic species are involved. As the conductance of a solution relates to the total ionic content, it can be used to follow reactions that result in a change in this quantity.
Conductometry is an electrochemical technique, which provides us with most precise data for ions in the solution [4] . There is an increasing interest in the study of complexation reactions in different solvent systems and their interpretation in terms of solute's preferential salvation by one of the mixed solvent components [5] [6] [7] .
IQN is an amebicidal drug. It is one of the iodinated derivations of 8-hydroxyquinoline that has been widely used in the treatment of various intestinal and vaginal infections [8] . The chemical structure of IQN is shown in Scheme 1.
In this work, the stability constants and stoichiometry of the complexation were elucidated by conductometric titration of Co 2+ , Ni 2+ and Zn 2+ solutions with IQN solution. The conductometric method for the study of (Zn-IQN) 2+ , (Ni-IQN) 2+ and (Co-IQN) 2+ complexes in various DMF/EtOH mixtures and temperatures was used to investigate the effect of solvent properties on the stabilities of the resulting complexes.
Experimental

Materials and solutions
Cobalt (II) nitrate, nickel (II) nitrate, zinc (II) nitrate, ethanol and N,N-dimethyl formamide were obtained from Merck as analytical reagent grade materials and were used without further purification.
Solutions of Co 2+ , Ni 2+ and Zn 2+ all at 5 · 10 À4 M concentrations were prepared by dissolving the accurately weighed amount of metal ion salts in proper volume of solvents. 5 · 10 À3 M solutions of IQN (Merck) were prepared by dissolving the accurately weighed amount of IQN in the proper volume of binary solvents. The ligand does not dissolve in pure EtOH; therefore, we dissolved it in DMF-EtOH mixture.
Apparatus
The conductance measurements were carried out with a Metrohm 712 conductometer. An immersion cell with integrated Pt temperature sensor was used. The temperature was performed on a Perkin-Elmer ultra thermostat with a constant temperature maintained within ±0.05°C.
Procedure
A solution of metal cation (5 · 10 À4 M, 40 mL) was placed in a titration cell, thermostated at a given temperature, and the conductance of solution was measured. A step by step increase in IQN concentration was effected by a rapid transfer from IQN solution prepared in the same solvent (5 · 10 À3 M) to the titration cell using a microburet, until the total concentration of the IQN was approximately three times higher than that of metal cation.
The conductance of solution was measured subsequent to each addition of reagent solution after thorough stirring. The conductance reading, taken after 2.0 min of each addition, was corrected for dilution.
Results and discussion
The binding of transition metal cation with IQN can be represented by following equilibrium equation:
where M 2+ , L and ML 2+ are the cation, ligand (IQN) and complex, respectively. The complex formation constant in terms of molar conductivity can be expressed as: where K 2þ M and K 2þ ML are molar conductance of cations and the complexes, respectively, and K is apparent molar conductivity of solutions. The procedure of obtaining the K 2þ ML value is as follows:
The value of K 2þ ML is estimated from the value at point of large [L] T to [M] T ratios [4] . The molar conductance data obtain from titration were fitted non-linearly to the Eqs. (1) and (2), using the Genplot package from computer graphic service [9] . The K 2þ ML and the estimated [LML 2+ ] at large [L] T ratios were used as variable until best convergence was obtained. The obtained formation constants of studied metal cations and IQN complexes are shown in Table 1 .
The The conductometric curves corresponding to the cations, ligand and complexes were obtained in DMF/EtOH systems. The stoichiometry of all complexes that were studied in this work is 1:1. The thermodynamic parameters that were obtained using previous calculation methods [1, 4] for this investigation are given in Table 2 . The K f value of complexes with metal cations varies as follows:
(Zn-IQN) 2+ > (Ni-IQN) 2+ > (Co-IQN) 2+ in the same solvent. This behaviour is confirmed with Irving-Williams series [2] .
The K f value of (M-IQN) 2+ complexes increases linearly with an increase in the temperature, so it shows that the complexation is thermopile reaction.
Valuable chemical information can obtained between IQN and metal cations in solutions. As it is shown in Table 1 , the K f value of the (M-IQN) 2+ complexes increases with increase in EtOH/DMF ratios. In strong solvating solvents, such as DMF [9] , the complex formation is poor, whereas in solvents with medium donicites, such as EtOH, a more stable complex is form. In general, in higher donor solvent, the metal ion is more strongly solvated.
It was interest to investigate the dependence of complex stabilities and thermodynamic parameters on the composition of several binary solvent mixtures in order to see how variation of solvent composition affects the stability of complexation. The thermodynamic parameters for complex formation are given in Table 2 . As expected, the values of DH°and DS°depend strongly on the nature of the medium used. The experimental values of DH°and DS°for (M-IQN) 2+ complexes show that in all cases, enthalpy stabilized but entropy destabilized. On the other hand, the values of thermodynamic parameters are different to change the composition of solvent systems. As shown in Table 2 , in the most cases, the amount of DH°increase with increase in EtOH/DMF ratios, but DS°is decrease that attribute of solvent-cation, solvent-ligand and solventcomplex interactions.
